
Simulating solar cells 

with PC1D
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World Record Si Cell

• Very recent (announced a few days ago) 

results from Longi Solar → 27.81%

– VOC = 744.9 mV

– FF  = 87.55%

– JSC = 42.64 mA/cm2

• Longi leading perovskite-Si tandem efficiency 

race with 34.6% (1 cm2) and 31% (wafer-

scale – M6)

• What about EPFL-CSEM? →

Today’s Challenge → to simulate higher 

performance than 27.8%
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25.4% Si record 25 cm2

31.6% perovskite-Si 1 cm2

28.9% perovskite-Si 60 cm2



Simulating solar cells - Why? 

• Analytical solutions to solar cell equations are 

not always possible. 

• Performance of various parts of the cell can 

have a synergetic effect on the result → the 

Bucket analogy. 

• Simulations are beneficial for 

– Better understanding of loss channels

– Estimating gains

– Maximizing performance
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Recombination

Reflection

Cell efficiency = How full the bucket is

Resistance



Simulation of solar cells - Complex to simple
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Transformation to 1D
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PC1D - 1D numerical solver for solar cells

• Solves the following equations numerically.
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Drift-diffusion

Poisson’s equation

Continuity

(at steady-state)



Today

• Download the PC1D application files from Moodle. 

• Start from a bad performing cell and improve the 

performance step by step in terms of 

– Electronics

– Optics
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PC1D - Interface

• You can modify various input parameters by clicking on them with your cursor.

• Results at the bottom and in the 4 section panel.  
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Input power = 1000 W/m2

→ 10 W for 100 cm2 

Efficiency = 1.378/10 = 13.78%

Current density = 2.839 / 100 cm2

= 28.39 mA/cm2



Ex. 1 – Surface recombination
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• At the direct metal-Si contact → 1e7 cm/s

– The upper limit for velocity

– Carriers cannot move faster than this in the absorber
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Ex. 1 – Surface recombination
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• At the direct metal-Si contact → 1e7 cm/s

– The upper limit for velocity

– Carriers cannot move faster than this in the absorber

• Surface of a highly doped region (e.g. emitter) →

Typically higher than 1e3 cm/s

– Depends on doping density



Ex. 1 – Surface recombination
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• At the direct metal-Si contact → 1e7 cm/s

– The upper limit for velocity

– Carriers cannot move faster than this in the absorber

• Surface of a highly doped region (e.g. emitter) →

Typically higher than 1e3 cm/s

– Depends on doping density

• Lowly doped c-Si wafer passivated with a dielectric 

(e.g. AlOx) or amorphous Si  → Less than 10 cm/s.



Ex. 2 – Bulk lifetime 

• Bulk (wafer) thicknesses → Typically 100-300 um. 

• Lifetime → Function of doping density (or 

resistivity).

• State of the art lifetimes for commonly used bulk 

dopings (e.g., 1e15 to 16 cm-3 ) > 5 ms.

– At low injection
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Bulk = 

blue part



Ex. 2 and 3 – Emitter

• Highly doped, much thinner than base.

– Typically shorter than 1 um.

• Losses:

– Auger recombination 

• Increases with doping and thickness

– Carrier collection

• Harder to collect with increased doping and 

thickness because of the reduced diffusion 

length.
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Emitter = 

red part



Ex. 4 – Optics 

• Improved by 

– Anti-reflection coating

– Texturing

– IR reflector, scatterer at rear
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Reduced front reflectance



Ex. 5 – The perfect cell

• What are the remaining losses? 

• How high you can go in efficiency? 

• Try and see for yourself ☺
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World Record Si Cell

• Very recent (announced a few days ago) 

results from Longi Solar → 27.8%

– VOC = 744.9 mV

– FF  = 87.55%

– JSC = 42.64 mA/cm2
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